This paper reports a preparation method for silk sericin hydrogel using the Sericin-hope silkworm, whose cocoons consist almost exclusively of sericin. Sericin solution, prepared from Sericin-hope cocoons, contains intact sericin and forms elastic hydrogels with the addition of ethanol. The sericin hydrogel can be prepared without crosslinking by chemicals or irradiation and might be usable as a naturally occurring biomaterial.
Sericin is a family of adhesive silk proteins synthesized exclusively in the middle silk glands of silkworms, Bombyx mori, which acts as a protein glue to fix fibroin fibers together in a cocoon. 1) Sericin contains many hydrophilic amino acids, 2, 3) which lends it high hydrophilicity 4) and sensitivity to chemical modification. 5) Moreover, recent studies have found unique characteristics of sericin, such as induction of accelerated proliferation of mammalian cells 6) and heterogeneous nucleation of apatite. 7) Hence it is anticipated that sericin is a promising natural resource for developing novel protein-based materials.
In this study we developed a preparation method for elastic sericin hydrogel. We expected that hydrogel made of sericin would be a useful biomaterial in view of sericin's unique characteristics, mentioned above.
Although the gelling properties of sericin have been a matter of interest, 8) elastic hydrogel made exclusively of sericin has never been reported. We attribute the weakness of hitherto known sericin hydrogels to the denaturation of sericin during extraction. Hence we used the cocoons of the Sericin-hope silkworm, 9) an improved strain of a naked pupa mutant, 10) as the sericin source. Sericin-hope cocoons consist almost exclusively of sericin (>98%), which facilitates obtaining intact sericin close to the native state.
Fresh Sericin-hope cocoon shells (600 mg) were dissolved into 8 M LiBr aqueous solution (24 ml) at 35 C for 24 h. Centrifugation and filtration removed insoluble residue. The supernatant was adjusted to approximately pH 8 with 1 M Tris-HCl buffer of pH 9 (6 ml) to prevent sericin precipitation during subsequent dialysis. The solution was thoroughly dialyzed to deionized water using Spectra/Por membrane (MWCO 6-8000, Spectrum Laboratories, Rancho Dominguez, CA) to yield approximately 1 wt% sericin solution. SDS-polyacrylamide gel electrophoresis (SDS-PAGE) of the sericin solution exhibited distinct bands of three main sericin components at >250, 180, and 100 kDa 3) ( Fig. 1, lane 1) , showing that the solution contained intact sericin.
Gelation was induced by the addition of alcohol. We added several kinds of alcohols and found that ethanol excels in the gelation of sericin. Sericin solution (5 ml) was mixed with ethanol (0.5 ml) and placed in a refrigerator overnight. An elastic sericin hydrogel was then obtained (Fig. 2A) . When sericin solution was boiled for 20 min before the addition of ethanol, only a fragile hydrogel was obtained (Fig. 2B) . Although the SDS-PAGE pattern of the boiled sericin solution still exhibited clear protein bands, each band became slightly fuzzy (Fig. 1, lane 2) , which suggested slight decomposition of sericin molecules. When sericin solution was autoclaved at 121 C for 20 min, the protein bands of the main sericin components disappeared (Fig. 1, lane 3) , showing significant decomposition of sericin molecules. Note Such a denatured sericin solution no longer formed hydrogel by the method described in the present paper. These results indicate that the properties of sericin hydrogel are sensitive to the denaturation of sericin and that the formation of elastic hydrogel requires intact sericin. Prepared sericin hydrogel can be stored in ethanol for months. The hydrogel shrinks in ethanol but swells again in water to the original volume. Freeze-drying of sericin hydrogel gives porous sericin sponge, which is brittle in the dry condition but flexible in the wet condition.
Infrared spectra of sericin solution and a hydrogel were measured at a resolution of 4 cm À1 in 64 scans using an FT/IR-350 Fourier transform infrared (FTIR) spectrometer (Jasco, Tokyo) equipped with a DuraSamplIR II single-reflection diamond attenuated total reflectance (ATR) attachment (SensIR Technologies, Danbury, CT). Figure 3 shows the amide I region of the FTIR spectra. Amide I absorption, found in the 1700-1600 cm À1 region, is the most useful for estimating protein secondary structures, because it arises predominantly from C=O stretching vibration. 11, 12) The amide I band of sericin in water exhibited a peak at 1647 cm À1 , in the range typically seen for random coil conformation. On the other hand, the amide I band of sericin in gel state exhibited a peak at 1618 cm À1 . This absorption is a characteristic observed in proteins with intermolecular -sheets between extended chains, 12) indicating that the sericin hydrogel was a -sheet-rich structure.
We then inferred the formation mechanism of sericin hydrogel as follows: the addition of ethanol into sericin solution induced structural changes of sericin intosheet-rich structure containing strong intermolecular hydrogen bonds, which constructs the network structure of hydrogel. Garel et al. reported that sericin contains many Ser-rich 38-amino acid repetitive motifs that exhibit mostly -sheets.
13) Huang et al. synthesized recombinant sericin proteins based on the repetitive motif and showed that the recombinant sericin selfassembled during dialysis as a formation of -sheets. 14) We assume that this characteristic repetitive motif largely accounts for the -sheet-rich structure of sericin in the gel state and contributes to gel formation. Intact sericin retains the repetitive motifs intact, which may strengthen the hydrogel.
The reported sericin hydrogel can be prepared without crosslinking by chemicals or irradiation and might be of use as a drug carrier or as a scaffold for tissue engineering. 
